Nodulation (nod) and nitrogen fixation (nif-fix) genes are located on large plasmids in most fast-growing Rhizobium strains. They are of greater (megaplasmid) size in Rhizobium meliloti (2, 19) . The symbiotic gene sequence nod fix niffix seems to be a general feature of all R. meliloti strains (7, 15, 17) . Mutations in this symbiotic region obtained by different mutagenic treatments have been used to analyze the structural and physical organization of these genes (2, 24) . After incubation of R. meliloti strains at elevated temperatures, a change in symbiotic properties appeared at a high frequency, but little is known about the molecular mechanisms involved (2) . Zurkowski (25) studied the loss of R. trifolii nodulation ability and suggested that it derives from the temperaturesensitive replication of the plasmid carrying the nodulation genes. This paper reports studies on R. meliloti symbiotic (Sym) mutants obtained by heat treatment.
The bacterial strains and plasmids used are listed in Table  1 . Escherichia coli was cultured on L broth (14) , and rhizobia strains wer/t cultured on yeast extract-mannitol medium (23) . For incubation at high temperature, bacteria from late-exponential-phase growth were diluted in fresh medium to give 107 to 108 cells per ml and incubated without shaking at 37, 38.5, and 39.5°C (+0.2°C) for 12 (4), respectively. Nodules were prepared for light and electron microscopy as described by Herrera et al. (10) .
The viability of strains GR4 and L5.30 decreased after the start of incubation and then stabilized. The survival of GR4 and its Sym mutants was essentially the same at elevated temperature (data not shown).
Strain GR4 Sym mutants appeared only at temperatures above 38°C, whereas those of L5.30, a R. meliloti strain used for comparative purposes, were obtained at 37°C. All mutants obtained from GR4 after incubation at 38.5°C were of the Nod' Fix-phenotype, whereas at 39.5°C, both Nod' Fix-and Nod-Fix-phenotypes were obtained, the latter in higher proportion ( Table 2 ). None of the Sym mutants was auxotrophic.
After incubation of strain GR4 at 38.5°C ( pGMI42 and pRmSL26 was detected in type S mutants such as GRT21S, no restoration of the mutation was found. On the other hand, pGR3 and pGMI42 but not pRmSL26 restored the Nod-phenotype of GRT3. Type L mutants, such as GRT64L, were not complemented by either pGR3 that carries the fix genes mapped to the left of the nif structural genes in the pSym of Rm4l or pGMI42 that also carries fix genes 200 kilobases away from nif genes, as reported by Batut et al. (3) . This suggests that other fix genes were deleted from GRT64L; perhaps fix genes locate to the right of the nif genes (15) .
These results and the fact that at 38.5°C only Nod' Fixmutants were obtained from GR4, whereas at 39.5°C NodFix-mutants were also found, suggest that a common origin for all deletions is located to the right of nif genes on the basis of the general distribution of nod, nif, and fix genes proposed for other R. meliloti strains (14) .
Nod-mutants and those that elicited pseudonodules (Nod/-phenotype) on M. sativa roots were used for a detailed study of the process of infection. None of the Nodmutants assayed produced any modification of the root hairs, and only nonspecific adhesion was observed. GRT21S, which produces pseudonodules, caused curling, but no infection thread was detected. By microscopic analysis, bacteria were observed only in the extracellular spaces of the root cortex ( Fig. 2A) . Cells of the central nodule (pseudonodule) zone did not contain any bacteria and were filled with amyloplasts (Fig. 2B) . GRT21S seems to enter the root cortex through intercellular spaces. The behavior of GRT21S in the establishment of symbiosis with M. sativa and the results of complementation assays using different primes showed that both common nod and hsn genes were present. It was recently reported (11, 12, 22) that the introduction of pSym or only the nod genes mapping to the left of the nif genes into Agrobacterium tumefaciens or E. coli causes pseudonodule formation on M. sativa roots by these bacteria. Infection and the ultrastructure of nodules produced by these transconjugants look like those induced by GRT21S and the symbiotic mutants described by Finan et al. (9) . We suggest that other nod genes, essential for functional nodulation and not yet mapped, are located away from this region of pSym or in another part of the R. meliloti genome. These type S mutants can be related to those VOL. 51, 1986 on October 13, 2017 by guest http://aem.asm.org/ Downloaded from APPL. ENVIRON. MICROBIOL. deficient in exopolysaccharide production described by Leigh et al. (16) , who mapped the corresponding locus on a megaplasmid that is distinct from pSym.
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